ABSTRACT. The governance of ecosystem services (ES) has been predominantly thought of in terms of market or state-based instruments. Comparatively, collective action mechanisms have rarely been considered. This paper addresses this gap by proposing a conceptual framework that brings together ES, social interdependencies, and collective action thinking. We use an ES conceptual lens to highlight social interdependencies among people so as to reflect on existing or potential collective actions among them. This framework can also contribute to increasing people's awareness of their mutual interdependencies and thereby fostering, framing, or enriching collective action, in ways that take into account the diversity and complexity of ecological processes underlying human activities. Our approach can contribute in particular to agroecological transitions that require landscape level innovations and coordination mechanisms among land users and managers. The framework distinguishes three types of social interdependencies: (i) between ES beneficiaries and ES providers, (ii) among beneficiaries, and (iii) among providers. These social interdependencies are in turn analyzed according to four main dimensions that are critical for collective action: (i) cognitive framing of interdependencies, (ii) levels of organization, (iii) formal and informal institutions, and (iv) power relations. Finally, we propose a strategy to turn this framework into action in contexts of participatory action research, a strategy grounded on a number of methodological principles and tools that convey complexity and increase people's awareness of interdependencies in agrarian social-ecological systems.
INTRODUCTION
The concept of ecosystem services (ES), broadly defined as the benefits nature provides to people, has become a major concept to address environmental concerns and foster sustainable development (MEA 2005 , Díaz et al. 2015 . Following its success in scientific and political spheres, the ES concept is now diffusing into local management spheres, e.g., protected areas, watershed councils, or urban planning (Grêt-Regamey et al. 2017) . One of the challenges for managers is to operationalize this concept in ways that are meaningful to local stakeholders and useful to foster sustainable management of social-ecological systems (SES). Because SES are complex and multiscalar, it is now admitted that polycentric governance is needed, combining a diversity of coordination mechanisms, relying not only on market and statebased mechanisms, but also on collective action mechanisms involving local stakeholders (Ostrom et al. 1994 , Agrawal and Ostrom 2001 , Folke et al. 2002 , Meinzen-Dick et al. 2004 , Ostrom 2010 . And yet, governance tools currently derived from ES thinking rely mainly on market (e.g., carbon markets, mitigation banks) and state-based (e.g., subsidies) instruments, or on programs hybridizing both (Fletcher and Breitling 2012, ShapiroGarza 2013) . Comparatively, ES governance based on collective action remains rarely explored, whether theoretically or empirically (Muradian et al. 2010 , Stallman 2011 , Muradian 2013 , Kerr et al. 2014 ).
We address this gap by proposing a conceptual framework combining ES thinking and collective action. We suggest using an ES lens to highlight social interdependencies among people so as to reflect on existing or potential collective actions among them. Used to increase people's awareness of their mutual interdependencies, this framework could also contribute to fostering, framing or enriching collective action in ways that take into account the diversity and complexity of ecological processes underlying human activities.
This theoretical proposition should, in our view, contribute to accompany transitions toward more sustainable SES. One of its potential domains of application is agroecological transitions in agrarian SES. Agroecology, defined as biodiversity-based agriculture, requires indeed socio-technical innovations that use, coprovide, and preserve ES linked to ecological processes that occur not only at field and farm levels, but also at the landscape level (Duru et al. 2015) . Agroecological transition therefore requires coordination among the multiple land users and managers shaping these landscapes.
The objectives of this paper are fourfold: (i) to outline why and how the concepts of ES and collective action can enrich each other, especially through the notion of social interdependencies; (ii) to identify, within the recent literature bridging social sciences with ES research, the advancements and remaining gaps on which our proposition draws; (iii) to propose a conceptual framework that clarifies the relationships between ES, social interdependencies, and collective action; and (iv) to illuminate how this conceptual framework can be turned into action to foster or enrich collective action in contexts of participatory action research.
HOW CAN ECOSYSTEM SERVICES AND COLLECTIVE ACTION ENRICH EACH OTHER?
Definitions ES have been recently defined by Harrington et al. (2010 Harrington et al. ( :2781 as the "benefits that humans recognize as obtained from ecosystems that support, directly or indirectly, their survival and quality of life." This definition that stresses the subjectivity of ES fits well with the constructivist perspective that we adopt in this paper, i.e., ES do not exist per se, but as subjective perceptions, socially situated and constructed (Latour 2004 ).
The ES concept has generated numerous debates and controversies . In particular, some have argued that the ES concept promotes Western and utilitarian views of nature, which in turn can lead to the monetization and commodification of nature (Sullivan 2009 , Spash 2011 , Maris 2014 . In this paper, we advocate for a critical but constructive approach. We acknowledge that the concept should not be taken for granted and that the abovementioned fears and critiques should be taken seriously Corbera 2010, Barnaud and . However, we also acknowledge that the ES concept has generated a momentum among researchers and decision makers on the importance of biodiversity and ecosystems for societies (Díaz et al. 2015) . It would thus be a pity not to explore the potential added value of the concept to support more sustainable SES management, investigating for example its potential to enrich collective action in natural resource management.
Collective action has been broadly defined as an "action taken by a group [...] in pursuit of members' perceived shared interests" (Scott and Marshall 2009:96) . Key collective action theories refer to the sharing of benefits and costs of collective action for managing public and common-pool resources [1] (Olson 1965 , Ostrom 1990 . In this paper, we define collective action as a voluntary process of cooperation among various stakeholders, users, and managers addressing a common ES management problem in a given territory [2] . Because it aims to include in decision making processes all the stakeholders potentially affected by decisions, it conveys emancipatory values of equity and social justice (Rawls 1997) . However, collective action is not always appropriate and has inherent risks (social exclusion, loss of autonomy, individual strategic behaviors) and costs (transaction and monitoring costs in particular), as underlined by Ostrom et al. (1994) . Furthermore, power asymmetries and conflicts of interest can impede collective action, which requires not only social learning, trust building, and mutual understanding (Pahl-Wostl et al. 2007 ), but also negotiation and conflict resolution processes (Leeuwis 2000 , Barnaud et al. 2010 .
What can collective action bring to ES governance?
Several arguments sustain the idea that collective action thinking and practice can enrich ES-based management approaches. First, ES management often requires collective action. Many ES are indeed public or common-pool resources whose management cannot rely only on market or state incentives (Muradian and Rival 2012) . Cooperation can then be required for both the production and the sharing of ES. When ES are provided at the landscape level, e.g., water regulation or pollination, their production is improved by cooperation among the multiple land users and managers shaping that landscape (Opdam et al. 2016) . Moreover, when there are trade-offs among ES, i.e., when the production of a given ES is detrimental to the production of another ES, this results in a conflict of interests between the beneficiaries of these ES. In many cases, such trade-offs arise without the stakeholders being aware of them (Rodríguez et al. 2006) . And yet, as they generate winners and losers, they are related to social choices that should be made explicit and collectively negotiated . Some programs of payments for ES actually rely on collective action, for example when payments are given to groups rather than to individuals (Kerr et al. 2014) or when there are direct negotiations between ES providers and beneficiaries to find mutual agreement (Depres et al. 2008) .
Collective action theories can also be useful for elucidating the challenges involved in managing specific ES through collective action, especially ES that are not based on common-pool resources. First, when ES provision is characterized by uncertain cause-effect relationships (in the case of, e.g., insect pest regulation), the risks and costs of collective action increase. Second, when it is possible to substitute a given ES with humanmade technology, e.g., chemical pesticides, the motivation for collective action decreases. Third, social distance increases the transaction costs of coordination; this can explain why market and state-based mechanisms are more frequent than collective action when ES providers and/or beneficiaries operate at distant scales and locations (like in the case of, e.g., the ES of climate regulation). In conclusion, institutional insights on collective action can enrich our understanding of ES governance by highlighting both its potential and limits compared to other governance mechanisms.
What can the ES concept bring to the field of collective action? Institutional theories on collective action have been largely developed using the concept of natural resource (Berkes 1989 , Ostrom et al. 1994 , Agrawal and Ostrom 2001 , Leach and Fairhead 2001 , Adams et al. 2003 , Borrini-Feyerabend et al. 2004 , Adger et al. 2005 . Whereas resources usually refer to clearly identified goods such as irrigation water, grasslands, or forest products, the concept of ES highlights, in addition, other types of benefits that are more diverse (from, e.g., insect pest control to patrimonial landscapes), less visible (e.g., pollination, air quality), and more dynamic (referring to ecological processes and not goods only). As people impact, and are impacted by, these various ES, the ES concept has the potential to highlight social interdependencies among people that were not explicit or visible beforehand within the traditional common-pool resources framework that focused on social interactions among resource users (Ostrom et al. 1994) . For example, if the decision of livestock farmer to increase the number of sheep in a grassland leads to overgrazing, this affects not only the other livestock farmers, but also the beneficiaries of the various impacted ES: lowland water consumers impacted by the loss of water quality, visitors and naturalists who deplore the loss of biodiversity due to degraded habitats, or, at a larger scale, people affected by the climate change induced by the release of stocked carbon (Reed et al. 2009a) . https://www.ecologyandsociety.org/vol23/iss1/art15/ This notion of social interdependency is critical for the implementation of collective action. Indeed, if people do not feel mutually interdependent, i.e., if they do not feel that they need one another to solve a problem or improve their situation, they are unlikely to invest time and energy in collective action (Leeuwis 2000) . Used to highlight hidden social interdependencies, the ES concept could therefore contribute not only to elucidating existing or potential collective actions, but also to increasing people's awareness of their mutual interdependencies, and thereby foster collective action. For instance, by shedding light on social interdependencies associated with key ES for biodiversity-based agriculture, e.g., insect pest regulation, this ES framework can help identify social incentives and obstacles toward agroecological innovations that require coordination among land users.
SOCIAL SCIENCES IN ES RESEARCH: RECENT ADVANCEMENTS AND REMAINING GAPS
In the last decade, a growing number of scholars have emphasized the need to better understand the social dimension of ES, and several conceptual frameworks have been proposed. Some have stressed the role of societies in the coproduction of ES (Rives et al. 2012 , Spangenberg et al. 2014 , Bennett et al. 2015 , Lescourret et al. 2015 , Ruoso et al. 2015 or the relationship between ES and well-being (Coulthard et al. 2011 , Daw et al. 2011 , Summers et al. 2012 . Others have pushed toward the integration of a diversity of value systems in ES valuation, to go beyond economic and monetary valuations based on utilitarian rationalities , Dendoncker et al. 2014 , Martín-López et al. 2014 , Raymond et al. 2014 , or toward an understanding of the diversity of metaphors framing people's relation to nature, acknowledging that the ES concept is just one metaphor among others (Flint et al. 2013 , Raymond et al. 2013 , Díaz et al. 2015 , Silvertown 2015 . Notwithstanding these theoretical and empirical advancements, the understanding of social interdependencies underlying ES dynamics, as well as the role of governance mechanisms based on collective action for ES management, remain underexplored. The conceptual framework that we propose in this paper addresses this gap.
On the operational side, numerous frameworks have been developed to incorporate the ES concept into management and decision-making spheres (Cowling et al. 2008 , Daily et al. 2009 , de Groot et al. 2010 ). However, scientific knowledge is often injected in decision-making processes based on an expert mode. Although such expert approaches are effective in many situations, Funtowicz and Ravetz (1993) have suggested that, when scientific uncertainties or social stakes are high, scientists should rather engage in dialogue with decision makers and stakeholders. In this kind of research, called participatory research (Pain and Francis 2003) , action research (Todhunter 2001) , or transdisciplinary research , uncertainties and pluralities of values are accepted and managed, and knowledge is coconstructed by scientists, citizens, and decision makers. Such approaches are increasingly advocated in ES research (Reyers et al. 2010 , Spangenberg et al. 2015 , in particular to assess the social and cultural values of ES (Pereira et al. 2005 , Kenter et al. 2011 , Berbés-Blázquez 2012 , Klain and Chan 2012 . Given our focus on collective action and collective decision making at the territorial level, embracing deliberative valuation processes is essential (Raymond et al. 2014 ). In the proposition we make in this paper to turn our conceptual framework into action, researchers' input becomes an additional ingredient of collective decision-making processes, not only through the sharing of scientific knowledge but also through the development of specific participatory methodologies facilitating deliberative processes (Barreteau et al. 2003 , Etienne 2014 .
A CONCEPTUAL FRAMEWORK COMBINING ECOSYSTEM SERVICES, SOCIAL INTERDEPENDENCIES, AND COLLECTIVE ACTION
The conceptual framework we propose (Fig. 1) uses an ES lens to identify and characterize social interdependencies among people so as to reflect on existing or potential collective actions among them. As such, it rests on the following specificities.
First, the framework focuses on social interdependencies among people in a given action arena, around a specific question, issue, or problem. An action arena can include several action situations, referring to "the social space where participants with diverse preferences interact, exchange goods and services, solve problems, dominate one another, or fight (among the many things that individuals do in action arenas)" (Ostrom 2005:14) . This means that the application of the framework does not involve identifying an exhaustive list of ES that are produced or perceived on a given territory but rather identifying a subset of ES that are related to a given action situation, a given question, issue, or problem around which people interact or could interact. Furthermore, the action arena can evolve over time, and new stakeholders and ES may thus appear relevant.
Second, although we broadly speak of ES, the framework considers both ES and ecosystem disservices (EDS), the ecological processes that affect human well-being in negative ways, causing harm or costs (Zhang et al. 2007 ). The picture of a given action situation is indeed incomplete if we look at ecosystems only through their positive impacts. For example, the mere presence of wolves in mountainous areas can be regarded as a cultural ES and as a sign of biodiversity conservation success by many, but sheep farmers from these areas might regard them as a disservice, because wolves can attack their sheep and impact their livelihoods negatively (Boitani 2000 , Rescia et al. 2008 , Doré 2015 .
Third, the framework acknowledges that the same person can play several social roles, e.g., be both provider and beneficiary of a given ES, or beneficiary of several ES (illustrated by the person wearing a hat in Figure 1) . A farmer is typically both a coprovider and a beneficiary of provisioning ES such as agricultural production and regulating ES such as insect pest control (Lescourret et al. 2015) . The framework also acknowledges that people are inherently multifaceted, valuing a given ES for one dimension of their life and preferring another one for another life dimension. People can even experience internal inconsistencies and dilemmas, when such ES are antagonistic (Duraiappah et al. 2014) . For example, a farm advisor may support sheep farming when facing, in a working environment, a conflict between wolves' defenders and sheep farmers, and yet may recognize, for personal reasons, the importance of wolves in the preservation of cultural and natural heritage.
The last key feature of the framework lies in its constructivist perspective. All its components and interactions are socially constructed. We do not deny that there are concrete ecological processes at stake, which have a critical influence. Rather, following Latour (2004) , we believe that any claim or discourse on ES can be seen as a social construct. For example, an open landscape does not "naturally" or "intrinsically" provide a cultural ES but someone, in a given geographical, cultural, and historical context, attributes a specific patrimonial or aesthetic value to such landscape.
Identify the key ES at stake, their providers and beneficiaries, and the social interdependencies among them Figure 1 shows that our framework comprises three social subsystems that interact with an ecological subsystem. The ecological subsystem (central) refers to ES and EDS, i.e., the ecosystem structures, processes, and outputs that humans recognize as obtained from ecosystems and that can support or harm, directly or indirectly, their survival or quality of life. The analysis of this subsystem involves disentangling the key ES and EDS related to the action situation and identifying the ecological processes involved.
The first social subsystem (on the left) includes people who, through their direct actions on ecosystems, contribute to coproducing, degrading, preserving, or managing ES and EDS. We broadly call them ES providers. They are usually people who have rights of access to, and/or use of, the ecosystems, like farmers, herders, or forest owners. The analysis of this subsystem requires the identification of these people and understanding their interests, problems, and practices, and the effects of their practices on ES.
The second social subsystem (on the right) includes people who potentially or actually benefit from, or are harmed by, these ecosystems. We broadly call them ES beneficiaries. They can be people with rights of access to, and/or use of, the ecosystemsthey are then both ES providers and beneficiaries-but they can also be more external people, like tourists enjoying a given landscape or conservationists enjoying the existence of patrimonial species. The analysis of this subsystem involves understanding these people's interests, problems, and practices, the reasons why they value or dislike given ES or EDS, and the consequences for them of an increase or a decrease in ES or EDS.
The third social subsystem (at the bottom) includes people who interact with ES providers and beneficiaries, and who influence decision-making processes regarding ES management. We call them intermediary stakeholders. They include decision makers who can decide upon rules for allocating rights over ecosystems (e.g., a city's mayor or a national park's director), facilitators who foster discussions and negotiations among stakeholders about rules and practices (e.g., the manager of a Natura 2000 site), and informants who share critical knowledge on the functioning of the social-ecological system that can indirectly influence decisions (e.g., a farm advisor or a scientist).
We identify three types of social interdependencies across and within ES providers and beneficiaries. Whereas the ES concept commonly highlights social-ecological interdependencies, i.e., people's dependence and impacts on ecosystems, we focus on people's social interdependencies that are mediated, directly or indirectly, by social-ecological interdependencies . We acknowledge that social interdependencies are often asymmetric, and we broadly use this term to embrace a continuum of situations from one-sided dependency to mutual interdependency. First, there are social interdependencies between ES providers and beneficiaries. These interdependencies are inherently asymmetric: ES beneficiaries are dependent on the actions of ES providers, but ES providers are not necessarily dependent on ES beneficiaries. For example, tourists who enjoy the typical landscape of mountainous pastures are the beneficiaries of a cultural ES that is coproduced by farmers whose sheep graze pastures and prevent spontaneous reforestation, even if they are not aware of it (Villamor et al. 2014 Fig. 2 for an illustration of this example). The case of interdependencies among the beneficiaries of a single ES is more classical in common-pool resources literature: all beneficiaries have an interest in maintaining the flow of ES, but there can be competition for access to this ES, for example for access to grazing pastures. Intermediary stakeholders often play a key role in the mediation of social interdependencies among ES beneficiaries.
Finally, there are social interdependencies among ES providers, either among providers of a given ES, or among providers of connected ES. Many ES are provided at the landscape level, and their production depends on the actions of several stakeholders who contribute to shaping, degrading, or managing these landscapes (Lescourret et al. 2015) . Landscape ecologists have shown for example that landscapes' composition and configuration influence the population dynamics of insect pests and their natural enemies (Bianchi et al. 2006 ). Biological pest control could then rely on coordination among the farmers and landowners shaping that landscape (Salliou and Barnaud 2017; see Fig. 3 for an illustration of this example). However, providers of landscape ES are not inherently mutually interdependent. They would become interdependent only if they had to provide this ES, either because they value it as beneficiaries (a ban on a given pesticide could, for example, increase farmers' reliance on the ES of biological control), or because they are required to provide it by external beneficiaries (through, for example, a scheme of payments for ES).
Analyze social interdependencies and their characteristics for collective action
The framework proposes in turn to analyze these social interdependencies through the lens of four dimensions that are critical for collective action, as shown in Figure 1 . The first dimension is the cognitive framing of interdependencies. This requires an analysis of stakeholders' representations of the socialecological and social interdependencies around the key ES under study, to ascertain the degree to which stakeholders perceive themselves as interdependent with other stakeholders, in or outside the territory . This is indeed critical for people's motivation for collective action. For example, if farmers do not perceive the landscape surrounding their farms as a source of natural enemies for biological control, they do not feel interdependent with their neighbors on this matter and have a low motivation for coordination (Fig. 3) . Studying cognitive framings of interdependencies is also important for uncovering asymmetric feelings of interdependencies. For example, it often happens that a given stakeholder feels dependent on another regarding a given issue, whereas the latter does not have a reciprocal feeling. This other stakeholder would feel therefore no pressure to engage in a negotiation process about this issue (Leeuwis 2000) . It can also happen that it is not in a stakeholder's interest to reveal an existing dependency, because this can lead to the collapse of previous alliances that were efficient and robust only because this dependency was passed over in silence, as, for example, in the case of illegal hunting systems (Mathevet and Mesléard 2002) . Finally, it is interesting to observe how these representations evolve over time. In the example of the impact of livestock farming on mountainous landscapes (Fig. 2) , the activities of a Natura 2000 site had an impact on farmers' representations: they realized that their farming practices had positive impacts on biodiversity (Barnaud et al. 2015) . Some of them assume this new role of ES providers for society and consider positively the associated subsidies.
The second dimension relates to levels of organization. ES are produced at diverse spatial and ecological levels, from soil regeneration at micro-habitat level to climate regulation at global level, and their beneficiaries are located at diverse levels of organization, from individual farmers benefiting from pollination to global society benefiting from biodiversity conservation (Hein et al. 2006 , Gómez-Baggethun et al. 2013 . The lens of ES uncovers the fact that action arenas, which are commonly composed of local users and managers of resources, could or should be enlarged to people located in distant places or operating at higher governance levels. However, the social distance between the stakeholders of these broadened action arenas can become an obstacle to collective action (Ostrom 2010) . When studying the multiple levels involved in ES management, it is also critical to identify potential mismatches between levels of practice and management and levels of ecological processes. This is particularly relevant for agroecology because, as illustrated by the example of insect pest regulation (Fig. 3) , mismatches between levels of farmers'' practices (farm or field levels) and ecological processes (from intra-field to landscape level) can limit potential agroecological innovations (Pelosi et al. 2010 ).
The third dimension of our framework focuses on institutions. This implies understanding the existing formal and informal rules governing social interdependencies and regulating the https://www.ecologyandsociety.org/vol23/iss1/art15/ provisioning and sharing of ES, i.e., market mechanisms (e.g., supply chains), state-based instruments (e.g., subsidies), and/or local collective actions (Ostrom 2009 ). It is important to find out how collective actions take place in the multilevel governance structures, and whether the institutional context favors this type of coordination. Although for the management of given ES in given contexts there are clearly identified action arenas and institutions fostering collective action, e.g., watershed committees for water management, or Natura 2000 committees for biodiversity conservation, there are many ES for which there is no existing action arena for collective action. This is the case of insect pest regulation, which is managed mainly at the individual farm level, with vertical interactions with supply chains and technical advisors, and limited space for coordination among farmers (Fig. 3) .
Finally, the fourth dimension that we consider critical for collective action and ES management concerns power relations. Analyzing power relations has been a key concern of political ecology, in order to elucidate the driving forces of dominant environmental discourses and environmental governance (Robbins 2004) . Such an approach has been increasingly permeating the ES literature (Felipe-Lucia et al. 2015 , Berbés-Blázquez et al. 2016 , and it involves identifying the stakeholders in the action arena who are able to impose their views on specific issues related to ES management, elucidating their sources of power, and identifying the other stakeholders on which they exercise this power. It is particularly important to understand how uneven power relations affect the management of ES and their sustainability. For example, many orchard farmers are highly dependent on cooperatives that impose strict production standards and leave farmers with little room for considering alternatives to pesticides (Fig. 3) . Examining power relations is also critical because collective processes can easily be dominated by powerful stakeholders and lead to inequitable outcomes, or reinforce dominant narratives while overlooking other weaker perspectives (Wollenberg et al. 2001 , Cornwall 2004 , Barnaud and Van Paassen 2013 . In the example of the Natura 2000 site (Fig.  2) , there is a dominant narrative among local stakeholders on the need to maintain open ecosystems. The environmental managers of the site decided to rally their interests and focus their activities on the biodiversity of open ecosystems, because they had no means (no legal power in particular) to defend a focus on forest biodiversity in face of this local coalition.
AN ACTIONABLE FRAMEWORK
We have presented in the above section our conceptual framework that uses an ES lens to highlight hidden social interdependencies and shed new light on potential or existing collective actions in agrarian SES. We shall see in this section how this conceptual framework can be turned into action and contribute to enriching collective action in given action arenas. Developing ES frameworks that are actionable, i.e., useful for the actions of local users and managers, is indeed needed. Local decision makers and managers are willing to operationalize the ES concept on the ground (Cowling et al. 2008 , Grêt-Regamey et al. 2017 , especially through bottom-up approaches involving local stakeholders (see Appendix 1, the case of UNESCO Biosphere Reserves).
To operationalize our framework, we combined it with our experience and knowledge of an existing participatory approach, companion modeling (ComMod), to identify key methodological principles to facilitate concerted ES management in an action research context. ComMod aims to foster collective learning processes among multiple stakeholders (including researchers) on complex SES (Barreteau et al. 2003 , Etienne 2014 ). This approach is based on the coconstruction of simulation models (such as roleplaying games and computer agent-based models) integrating the various stakeholders' representations of the SES, and the use of these simulation models to collectively explore possible future management scenarios (Bousquet and Le Page 2004) .
Our methodological suggestions are presented below following key stages of a ComMod process. However, these are suggestions to be used flexibly, rather than different steps of a unified methodology.
• Context analysis, and in particular stakeholder analysis, is an important preliminary step to design and conduct a participatory process, e.g., to select the participants, or to choose the appropriate methodologies (Grimble and Wellard 1997 , Barnaud et al. 2008 , Reed et al. 2009b ). Our conceptual framework can be used as a conceptual basis for such stakeholder analysis, through individual interviews, to characterize the institutional context and identify the key stakeholders in the action arena, their representations, and their relationships. It is very important to assess whether or not stakeholders have an interest in engaging in a collective participatory process (Barreteau et al. 2010) . Assessing their feelings of interdependencies is particularly relevant for this purpose because this strongly conditions their motivation for collective action (Antona and Babin 2001) . Power analysis is also critical to ensure that powerless stakeholders have the ability to raise and assert their interests in the participatory process (Barnaud and Van Paassen 2013) .
• Framing the key issue and the objective of a given participatory process is a critical stage of a participatory process. Following our conceptual framework, this could mean selecting the key ES on which the process will focus by making participants articulate which ES are important to them, why, and according to what values and interests. This stage is particularly sensitive to power asymmetries because the most influential stakeholders can easily orientate the discussions and the framing of the issue toward their own preoccupations.
• Eliciting stakeholders' representations of the SES through individual or collective mapping methods enables the sharing of diverse representations and/or the coconstruction of a shared representation of the system (Becu et al. 2008 , Mathevet et al. 2011 ). Our conceptual framework could guide elicitation of stakeholders' representations of the socialecological causal chains underlying the provision of key ES under study, the interactions among these ES, and the social interdependencies linking their providers and beneficiaries.
• Integrating different types of knowledge (empirical, scientific) through coconstructed models is a basic principle of the ComMod approach. It becomes particularly relevant in the case of ES and in the context of agroecological innovations, which can be related to poorly visible, complex, and uncertain ecological processes. Scientific knowledge might critically contribute to revealing cause-effect relationships and social interdependencies Ecology and Society 23(1): 15 https://www.ecologyandsociety.org/vol23/iss1/art15/ of which local stakeholders were not aware (Opdam et al. 2016) . Conversely, scientists might learn from local stakeholders' empirical knowledge. To continue the insect pest regulation example, a participatory modeling process was conducted to understand and discuss the differences in farmers' and landscape ecologists' representations of the role of landscape in insect pest regulation ).
• Increasing awareness of interdependencies is a major feature of our proposition. Role-playing games, commonly used in ComMod, have been referred to as one of the most effective ways to convey complexity (Duke 1974) . They increase people's awareness of the multiple interdependencies of the system of which they are part (Barnaud et al. 2007 , Mathevet et al. 2007 , Daré et al. 2014 . A role-playing game highlighting ES dynamics and related social interdependencies could therefore contribute to increasing people's awareness of their social interdependencies and thereby influence their willingness to engage in a collective process.
• Exploring scenarios using simulation tools, such as agent-based models or role-playing games, can be effective for testing distinct ES management scenarios, assessing their impacts on different indicators and stakeholders, and highlighting trade-offs in socialecological systems (García-Barrios et al. 2008 . Simulation models following our conceptual ES framework would contribute to making explicit some social tradeoffs related to ES and support negotiations on the associated social choices.
• Evaluating the effects of a participatory process is challenging because these effects can range from learning to decision making and action, individually and collectively (Daré et al. 2014 ). In the case of ES, it would be particularly interesting to assess the added value of the ES concept in the deliberative process, i.e., to find out whether or not the ES lens fostered collective action and framed it in ways that include ecological processes that would have been neglected otherwise, by revealing hidden social interdependencies, or by including new stakeholders in the action arena.
• Reflecting on the role of researchers in a participatory process is critical because they influence the process without necessarily being aware of it. A recent study has shown in particular that researchers can adopt different stances and have different roles in ES research (Crouzat et al. 2018 ). In our action research proposition, the researchers become part of the action arena, where they can play two different roles: they can act as facilitators that propose tools and methods to foster collective learning among stakeholders, or they can act as informants that take part in the collective learning processes and share their knowledge on the SES, for example on the ecological processes underlying key ES.
CONCLUSION
In this paper we develop a framework that combines the notions of ES, social interdependencies, and collective action to reflect on the potential and limits of collective action mechanisms for the governance of ES. We suggest using an ES lens to highlight social interdependencies among people who were not visible beforehand within traditional frameworks of natural resource management. These social interdependencies are highly diverse: they can involve distant or proximate people, they can be positive (mutual interest) or negative (conflicting interests), they can be (or not) regulated by existing rules within existing action arenas. All in all, they can be more or less adapted to collective action mechanisms.
Our framework can be used in two complementary ways, either within an analytical research stance or within a participatory action research stance. In the first one, the conceptual framework is applied to characterize ES related social interdependencies and to shed light on potential or existing collective actions. It mobilizes, among others, classic instruments in political ecology like stakeholder and power analysis. In the second stance, this conceptual framework is combined to an existing participatory modeling approach and turned into action, to become actionable. We suggest then using an ES lens to increase people's awareness of their mutual interdependencies and thereby contribute to fostering, framing, or enriching collective action in given action arenas. We now aim to test, implement, and adapt this framework in various agrarian SES and socio-cultural contexts. At the time of writing, four contrasting case studies are under progress, two of which are located in Biosphere Reserves of southern France and northern Catalonia.
This work contributes to the collective research efforts that are made to address the environmental challenges we have to face in the 21st century, including research on agroecological transitions. Critical issues such as climate change, biodiversity erosion, or water scarcity remind us that we, human beings, are all connected with each other, inserted in complex networks of intertwined ecological processes occurring at multiple scales. To face these challenges, people from different places and sectors need to cooperate. Collective action thinking and practice can therefore be helpful, although E. Ostrom herself acknowledged that adapting the principles of collective action to global issues was a major challenge (Antona and Bousquet 2017) . We believe that this is worth trying, and with this paper we attempt to go in this direction, echoing recent ideas and approaches such as empathy across scales [3] and ecological solidarity ).
__________
[1] A common-pool resource is rival (if someone benefits from its use, there is less for someone else) and nonexcludable (it is costly to exclude potential beneficiaries from obtaining benefits from its use). Public goods are nonrival and nonexcludable. Private goods are excludable and rival. [2] Territory refers here to the French notion of territoire, a social and lived space, appropriated and coconstructed by people (Di Méo 1998 , Barreteau et al. 2016 . [3] The expression "empathy across scales" was introduced by Kate Brown and Carl Folke in their key note speech at the Resilience Conference 2017 hold in Stockholm, from 20 to 23 August.
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